survive.
New tissues and organs must be produced constantly to replace older ones that are lost. In the southeastern United States, where stands of white clover frequently are lost during the summer, the key to survival is summer hardiness.
Close observation suggests that continual growth is the primary requisite for summer hardiness, In studying the physiology of hardiness, therefore, an attempt was made to determine how certain environmental factors influence the growth rate of white clover.
At Clemson, S. C., the effects of temperature and light intensity on the growth of clover have been studied in considerable detail in growth chambers. These experiments consistently have demonstrated a close sequential linkage between environment and the meristematic activity, leaf area, and growth of clover plants.
This paper summarizes these results, together with data from field experiments, and discusses their significance within the context of the symposium topic.
MATERIALS AND METHODS

Growth Chamber Experiments
The experiments discussed in this paper were among a series initiated in 1958. While specific objectives differed among experiments, procedures were nearly constant. The following description of methods, therefore, applies to all of these experiments.
Rooted cuttings were transplanted into soil in No. 10 cans; 2 plants were placed in each can in most experiments. One to 2 weeks elapsed between transplanting and the start of an experiment. Cans were randomly sorted into groups and placed in the appropriate growth chambers 3 to 7 days before the beginning of an experiment.
The growth chambers provided controlled temperatures and light intensities.
Each chamber was maintained at a constant temperature during the course of an experiment. A photoperiod cycle of 14.5 hours light and 9.3 hours dark was used in all experiments. Standard fluorescent tubes, supplemented by incandescent bulbs, furnished light within each chamber.
The plants were carefully examined at the start of an experiment and all dead leaves, and all but 1 or 2 live leaves per plant, were removed. Only one active meristem per plant was permitted at the start; any other growing points were excised at this time. The single active bud on each plant at the beginning of an experiment is referred to hereafter as the primary meristem. During an experiment varying numbers of secondary meristems became active in the axils of primary leaves and gave rise to branches bearing secondary leaves.
At the end of each week the live and dead leaves on each plant were counted. Leaf sizes were measured to permit estimation of leaf area production in each treatment group. Size was determined as the diameter of a circle that just circumscribed the trifoliolate leaf; this value was then converted to an estimate of area by a calibration curve of leaf area vs. leaf diameter (1).
At the end of an experiment all plants were harvested, dried, and weighed. Mean whole-plant dry weight was used as the criterion of growth in each treatment group. 
Field Experiments
Morphological variations under field conditions were measured in 1960 as part of a study of 20 white clover clones (2). That study indicated the need for detailed information on the role of branching in leaf area production. Accordingly, further studies were carried out in 1961. Results illustrating trends apparent in both years, and common to all clones, are summarized in this paper. Clonal differences were considered elsewhere (2), Plants of several clones were set into the field as spaced plants in replicated plots in the autumn of 1960. The plants remained small until rapid growth began the following spring. At the end of March 1961, when spring growth was just beginning, 4 stolons on each plant were chosen £or observation. These were designated as primal7 s*olons and were observed at weekly intervals through the end of September. On each observation date a wire arch was placed over the terminal bud of each primary stolon, with the wire ends embedded in the soil on each side of the bud. The arches were color coded and thereby permanently marked the position of the terminals on each date. The term growth zone is used hereafter to indicate a segment of primary stolon bounded by arches placed on two successive dates.
Primary leaves were those produced by the terminal buds of primary stolons. Secondary stolons were branches originating from axillary buds of primary leaves, and secondary leaves were those produced on branches. The primary leaves, branches, and secondary leaves in each growth zone were counted each week. All leaves were harvested at monthly intervals and primary and secondary leaf areas were measured.
At the beginning of each month, one stolon comparable to the primary stolons xvas removed from each plant. These were added together into composite samples representing each clone and were then dried and ground. Subsamples were extracted with aqueous ethanol, and free sugars were determined by paper chromatography of the extracts.
RESULTS
AND DISCUSSION
Growth Chamber Experiments
Temperature ,effects--In the field, white clover grows most rapidly during spring and autumn, when moderate temperatures prevail.
Similar growth responses to temperature have been observed in growth chamber experiments (Figure 1 ), In this experiment total plant dry weight was greatest at 62° and 74° F. and was reduced at both 50°a nd 86°.
Total leaf production varied with temperature in much the same manner as did dry matter. This parallelism suggested the need for detailed studies of temperature effects on leaf production.
Leaves were produced by the primary meristem of each plant and also by any secondary meristems that became active during the experimental period. A later experiment clearly showed that temperature affects primary and secondary leaf production in quite different ways (Figure 2 ). Primary leaf production varied directly with temperature between 50° and 74° F. and was not significantly affected by a further increase to 86°. It is apparent, therefore, that a temperature as high as 86° does not suppress alreadyactive meristems.
The activation of secondary meristems, however, was inhibited by high temperature. In fact, a nearly linear inverse relation existed between temperature and branching of these plants.
At 50° F. branches emerged from 71~ of all primary nodes produced during the experi-
